An Empirical Study into Identifying Project Complexity Management Strategies  by Kermanshachi, Sharareh et al.
 Procedia Engineering  145 ( 2016 )  603 – 610 
Available online at www.sciencedirect.com
1877-7058 © 2016 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICSDEC 2016
doi: 10.1016/j.proeng.2016.04.050 
ScienceDirect
International Conference on Sustainable Design, Engineering and Construction 
An Empirical Study into Identifying Project Complexity 
Management Strategies 
 
 Sharareh Kermanshachia, Bac Daoa,Jennifer Shaneb, Stuart Andersona* 
aTexas A&M University, 3136 TAMU, College Station, TX 77843, USA  
bIowa State University,498 Town Engineering, Ames, IA 50010, USA  
Abstract 
Complexity is a term that is used throughout the construction industry. When complexity is poorly understood and managed, 
project failure become the norm. However, there are limited number of studies which investigated best practices which could 
overcome the undesired outcomes of complexity challenges. This research focused on identifying strategies to manage 
complexity in order to increase the likelihood of project success. Initially, this paper reviewed different project complexity 
definitions and suggested a single definition. Furthermore, the differences between complexity, uncertainty and risk were 
explained. Moreover, complexity management strategies were collected and enhanced. For this purpose, two rounds of 
qualitative Delphi method were applied to identify and improve complexity management best practices. In the first round, 
Subject Matter Experts were asked to individually provide top complexity management strategies. In the second round of this 
study, the twelve experts were participated in a complexity management workshop to advance the identified strategies. 
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1.Introduction 
Complexity is a term applied to projects throughout the construction industry.  However, most references to low 
or high complexity are often made by intuition and at times represent a relative assessment of complexity by 
comparison to other types of projects within the organization’s previous experience or industry sector.  There is no 
single or standard definition for project complexity that can be applied to a variety of projects.  Furthermore, there is 
no consistent depiction or agreed upon understanding of project complexity.  One fact persists that complex projects 
always present additional management challenges to achieving project objectives.   
In order to identify the management strategies which can overcome project complexity challenges, complexity 
indicators should be defined. For this purpose, this study utilizes the Construction Industry Institute research [1] 
results on identifying and measuring project complexity. This paper aims to identify strategies to mitigate and 
manage the negative influence of the identified indicators of complexity.  
2.Background 
Project complexity is a term which has been defined differently in various studies. In general, the authors came 
across more than thirty definitions of complexity in construction and other industries. In this section ten definitions 
of complexity described by different researchers will be presented. The selected ten complexity definitions are based 
on similar definitions in different studies. 
The first complexity definition was found in several dictionaries. Dictionaries describe complexity as something 
consisting of many varied interrelated parts. Perrow [2] explains that the complexity of a task is the degree of 
difficulty and the amount of thinking time and knowledge required to perform the task. However, Gidado [3] 
believes that project complexity is the measure of the difficulty of implementing a planned workflow in relation to 
the project objectives. Baccarini [4] defines project complexity as something that consists of many varied but 
interrelated parts and can be operationalized in terms of differentiation and interdependency. Complexity is also 
described as a property of a model, which makes it difficult to formulate its overall behavior [5]. Sbragia [6] 
believes the number of elements in the project, intensity of interactions between elements, and difficulty of 
cooperation between the functional areas determine the complexity level of the project. The complexity is also 
defined as the degree of manifoldness, interrelatedness, and consequential impact of a decision field [7]. Hass [8] 
clarifies that complexity is characterized by a complicated or involved arrangement of many inter-connected 
elements that it is hard to understand or deal. Vidal [9] defines project complexity as a property of a project, which 
makes it difficult to understand, foresee, and keep under control the project’s overall behavior. Finally, Remington 
[10] believes that a complex project demonstrates a number of characteristics to a degree, or level of severity, that 
makes it difficult to predict project outcomes or manage projects. 
Based on the literature and discussions with experienced industry experts, the authors defined project complexity 
as the following: “Project complexity is the degree of interrelatedness between project attributes and interfaces, and 
their consequential impact on predictability and functionality.” This is the definition which is used to identify 
project complexity indicators and management strategies which reduce the undesired outcomes often related to 
project complexity. 
2.1. Complexity, Uncertainty and Risk 
There is a wide misunderstanding between complexity, uncertainty and risk terms. It is intended to differentiate 
complexity from uncertainty and risk in order to identify and detect the right management strategies which could 
potentially overcome project complexity issues.  
One of the concerns in the literature is that while significant research can be found regarding project complexity, 
project risks, and project uncertainty, a clear link between these concepts has not been established yet. While the 
authors have come to the conclusion that concepts of risk and uncertainty do not have influence on the project 
complexity, most of the scholars have different point of view. Some studies consider uncertainty as one of the most 
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important attributes of complexity [11]. Also, in some other studies, it is believed that the purpose of project 
complexity research is to reduce the risk of the project. 
Uncertainty is defined as a state of having limited knowledge about future outcomes. The unknown outcome 
could have positive or negative effect on the project. On the other side, risk is a state of uncertainty where some 
possible outcomes have an undesired effect or significant financial loss. Risk is often related to the possibility of 
future negative effects that can be quantified and measured. However, uncertainty is related to the outcomes, 
regardless of their positive or negative effect, that cannot be measured [12].  
Complexity can be a source of risks as well as a source of opportunities. The purpose is to properly manage 
project complexity in order to avoid the negative aspects of it and at the same time take the opportunities that 
complexity can create. 
A key difference between complexity and risk has to do with the “knowns” and “unknowns” of the project.  
Project risk management attempts to quantify and measure the unknown events, or the known events with uncertain 
outcomes or timing of occurrence that may impact project results.  On the other hand, project complexity focuses on 
the known characteristics of a project and how these characteristics interrelate.   
Both complexity and risk evolve over the life cycle of a project, but a key difference is how this evolution takes 
place.  Complexity evolves as more “knowns” develop throughout the various project phases.  The “knowns” may 
include logistics requirements, legal considerations, governance structures, partnerships, and scope definition.  Note 
that these complexity components are not risks to the project but are elements of the project, that when identified, 
can and must be effectively managed for success.  Alternatively, complex elements can, and often do, create project 
risks based on the level of uncertainty that is also a part of some project complexity attributes.  The degree of 
complexity within a project can increase the overall risk profile strategy (a need to address unknowns), but the 
impact of risk on complexity is based on implementation of a risk mitigation strategy (increasing the “knowns”).  
Since risk is often associated with project complexity, a tool tailored to measure and manage complexity will help 
the project team manage and mitigate project risks. 
3. Research Objectives 
This paper aims to identify and collect key project management strategies which could potentially be 
implemented to manage project complexity and reduce and/or eliminate undesired project outcomes. To achieve this 
purpose, this study: 
• Reviews and summarizes existing CII management strategies publications which could overcome potential 
project complexity issues; and  
• Develops key industry-based project management strategies which could help contractors, owners, and 
consultants to overcome project complexity challenges. 
4.Research Methodology 
The Delphi method is a qualitative and interactive research technique to collect the opinion and/or judgement of 
panel of expert on a specific topic. Experts in these methods are selected based on their area and level of expertise 
and are asked to participate in two or more rounds of a structured survey [13,14]. The method can be applied to 
problems where precise analytical techniques cannot be utilized; but, the problem could benefit from the 
brainstorming and judgement of individuals on a collective basis [15]. The Delphi method is well suited as a 
research method when there is insufficient knowledge about a certain problem or phenomenon [15,16].  
There is significant variations in the Delphi studies previously conducted. For example, the requirements for 
expert qualification, the appropriate methods for data collection, analysis and transmission of controlled and 
anonymous feedback, sufficient number of rounds of surveys to complete the process, and appropriate measures of 
consensus are inconsistent among publications [17]. 
The authors decided that for the purpose of this study, two rounds of the Delphi method is required. Moreover, 
the authors believed that the results of this study could be substantially enhanced if SMEs provide their input 
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individually in the first round and collectively in the second round when identifying key complexity management 
strategies. 
5.Data Collection and Analysis 
Construction Industry Institute “Measuring Project Complexity and Its Impact” project [1] performed 
comprehensive research in identifying and exploring construction complexity indicators. In this research, 101 
variables belong to 11 categories which could potentially affect project complexity level were statistically tested. 
Responses which were received from 44 projects with 14 responses for low complexity projects and 30 responses 
for high complexity projects, clarified that 37 of the indicators were statistically significant in differentiating 
between low and high complex projects.  
If the 37 complexity indicators are not managed properly and effectively, project performance and outcomes 
could be impacted negatively. CII complexity research [1] revealed that these indicators not only could indirectly 
impact the performance of the project during the design, procurement and construction phase but the quality of end-
product during the operation phase could also suffer significantly. Therefore, this paper aims to collect and address 
the management strategies which could manage the complexity indicators and overcome the potential undesired 
outcomes. 
To achieve the purpose of this study, the authors invited twelve industry SME volunteers to provide their input 
and develop management strategies for the statistically significant complexity indicators. The experts who showed 
interest in this study and agreed to participate had many years of experience in higher level managerial positions in 
both US domestic and international projects. These professionals held over 250 years of cumulative experience and 
consisted of twelve experts from a mix of owner, consulting and contractor companies. These SMEs had managed 
complex projects all over the world and were very familiar with the management strategies which could overcome 
undesired outcomes due to project complexity.  
Based on extensive literature review and consulting with industry experts, it was decided that two rounds of 
Delphi method would provide comprehensive list of useful complexity management strategies. The authors believed 
that in the first round of the Delphi study experts should provide their input based on their own experience 
indivually. However, in the second round of the study, it was planned to arrange a complexity management 
workshop to allow experts to discuss and enhance the results. This process enabled the professionals to revise their 
management strategies based on the first round analysis feedback and face-to-face group discussions and 
brainstorming. Figure 1 illustrates the research approach in identifying complexity management strategies. 
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Figure 1. Research Process for Identifying Complexity Management Strategies. 
5.1.Delphi Questionnaire: Round I 
Initially, the twelve SMEs were asked to review the 37 complexity indicators that were found to be statistically 
significant. It should be noted that six of these experts were involved in the process of identifying project 
complexity indicators which was performed through interview, survey and statistical analysis. The purpose of 
inviting experts who were involved in the earlier stages of this study and also including other SMEs who were 
unfamiliar with the process of identifying complexity indicators, was to have the opportunity of benefiting from 
different points of view in the collection of complexity management strategies. 
In the first round, each SME was asked to identify the key management strategies for each of complexity 
indicators. According to their schedule, three-week time frame was considered sufficient to provide their 
management strategies input. Two reminder emails were sent during this time period to make sure that all the inputs 
would be collected at the end of the three-week time period. They were asked to send their final complexity 
management strategies to the authors through email. 
When the complexity management strategies were identified and collected, the authors reviewed the existing CII 
publications which could be useful in the refinement process of the collected management strategies. The CII 
publications relevant to each selected strategy were identified to provide SMEs more information during the second 
round of the Delphi study. 
5.2.Delphi Questionnaire: Round II 
For the second round of the Delphi study, SMEs were invited to participate in a six-hour complexity management 
strategy workshop. At the beginning of this workshop, the list of identified complexity management strategies 
through the first round of this research process were presented to the SMEs. After the experts reviewed the 
strategies, 45 minutes were given to SMEs to select and refine the key management strategies. Then, these experts 
discussed each selected strategy to make sure it is applicable to the related complexity indicator. In this part of the 
workshop which took around four hours, each of twelve SMEs expressed their own views and discussed the reason 
behind selecting top management strategies. Moreover, the list of related CII publications provided useful input in 
refining the top management strategies. In most cases the SMEs could come to an agreement on top strategies for 
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each complexity indicator. However, the experts believed that top four management strategies are equally important 
and significant in managing some of the complexity indicators and they did not agree to reduce them further. In 
these cases, top four management strategies are presented and discussed where applicable in this paper.  
At the end of the workshop, final results were collected and refined. Table 1 summarizes the top management 
strategies for each complexity indicator which were identified based on two rounds of Delphi study.  
Table1. Complexity Management Strategies. 
# Complexity Indicator (CI) Complexity Management Strategy 
1 Influence of this project on the organization’s overall success  Establish Governance Team 
2 Impact of required approvals from external stakeholders  Develop Stakeholder Management Plan 
3 Impact of required inspection by external agencies Inspection Engagement Plan 
4 Number of joint-venture partners  Establish Joint Venture Control Board 
5 Executive oversight entities above the PMT Limit Decision-Making Authority 
6 Number of times a change order need to go above the PM Establish Formal Delegation of Authority 
7 Number of funding phases Develop Detailed Funding Plan 
8 Difficulties in securing project funding Develop Detailed Funding Plan 
9 Quality of bulk materials  Determine Qualified Subcontractors 
10 Number of total permits  Develop Regulatory Engagement Plan 
11 Level of difficulty in obtaining permits Develop Regulatory Engagement Plan 
12 Difficulty in obtaining design approvals Obtain Interim Feedback 
13 Impact of external agencies on the project execution plan Incorporate a Legal Advisor 
14 Peak number of FTEs on the PMT during design phase Formalize Project Team Design 
15 Peak number of FTEs on the PMT during procurement phase Formalize Project Team Design 
16 Peak number of FTEs on the PMT during construction phase Formalize Project Team Design 
17 Target project funding against industry/internal benchmarks Prepare Key Principles Document 
18 Target project schedule against industry/internal benchmarks Develop Procurement Plan 
19 Difficulty in system design and integration on this project Involve Process Design & Optimization Group 
20 Company's familiarity with technologies in design phase License the Technology 
21 Company's familiarity with technologies in construction phase Ensure Subcontractor Prequalification Process 
22 Company's familiarity with technologies in operating phase Document Facility's Operating Differences 
23 Number of execution locations during design phase Hold Centralized Coordination Meetings 
24 Number of execution locations during fabrication phase Conduct Coordination Sessions 
25 Project location remoteness level  Conduct Pre-Project Planning 
26 Level of infrastructure existing at the site  Evaluate Local Access to Resources 
27 Impact of project location on the project execution plan Develop Separate Onsite Logistics Plan 
28 Percentage of design completed at the start of construction Implement Risk Management Plan 
29 Clarity level of change management process Communicate Late Large Changes 
30 Magnitude of the change orders  Require Independent Quality Validation 
31 Timing of the change orders  Audit Planning & Execution Procedures 
32 Level of project design changes derived by RFI Designate Field Based RFI Coordinator 
33 Percentage of PM staff who work on the project vs. planned staff Move Successful PMTs to New Projects 
34 Quality issues of skilled field craft labor  Use Testing Procedures or Tools 
35 Frequency of workarounds Place Procurement Activities into Schedule 
36 Percentage of craft labor turnover Evaluate Supervision Labor Turnover Rates 
37 Percentage of craft labor sourced locally  Provide Balanced Work Hours 
609 Sharareh Kermanshachi et al. /  Procedia Engineering  145 ( 2016 )  603 – 610 
 
6.Conclusion 
Beyond just assessing and measuring which indicators are contributing to complexity at various stages in the 
project lifecycle, it is important to identify and implement appropriate management strategies to keep the project 
within budget and schedule constraints. For each complexity indicator, the top management strategy was identified 
to help direct a project team to enforce the appropriate action. Depending on the availability of resources at the 
project team’s disposal, one or more management strategies may be implemented. After a project team has selected 
one or more management strategies to implement, it is recommended to incorporate them into their project 
execution plan. 
Contribution 
This study has contributed to the existing body of knowledge in managing complex construction projects. Prior to 
this study, there were limited empirical data available on how to manage complex projects. These research findings 
and conclusions obtained from the Delphi study provided substantial contribution to the body of knowledge by 
identifying industry practices and strategies which help in managing complex projects. 
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